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LEACHING CHAMBER WITH INWARD FLARING SIDEWALL PERFORATIONS 



TECHNICAL FIELD 



The present invenuon relates ,0 leachmg charters, particularly to chambers made hy 
injection molding of thermoplastic. 

BACKGROUND 

The presem invent is particularly useful for conning ,eachmg chambers made of 
Jed .hermetic, whrch chambers are buried underground for use, and wbrcb c ambers 
have been in widespread use wi,h sma,, domesrrc and indusrria, wastewater — 
sy stems for a number of years See U.S. Pat No. 4,759,66, of Nichols e, al Such rype 
chambers may also be used for draining earth or other medra. 

Leachmg chambers used heretofore have various kinds of sidewall perforations, ,0 enable 

rou „d hoies and are overlaid with geo.extile (water permeabie woven or non-woven »r,c, 
,so called filter fabric) to prevent the infiltration of soil into the chamber mtenor. 
pr esen, invention improves upon arch shape cross section mo.ded chambers of he pn ar, 
lien have downward sloping slots in the sidewaUs, which chambers are . mended to be 
functional without the use of geotextile. The convention, approach in the art has be» to 

— * -HaUhe slot bottom, ate do—yop^ - 

,ha, the slot depth is sufficient to inhibit sou entry into the chamber mteno The pr^m 
approach has been ,0 provide .ouvers above and be!ow the 
0 ha, is ,o increase the thickness of the sidewai, of the chamber and hus the s,o, 
compared to the thickness of rhe wal, where there are no slots, and often, compared to 

increases chamber weight and cost. 



A typical prior an s,o, has a downward sloping bottom surface and a horizontal or downward 
sloping upper surface Typtcally, pnor an injection molded plastic chambers are made ,„ a 

and ou, within the cavity par,, to create the slots. The slots in pnor at, injectton moKed 

,„ the mold which defines the chamber article, from the outer or cav,,y ponton of be m Id, 
e that which forms the Conor surface of.be chamber. The sl.des tha, define the ots 
;; c „y have a draft, typical, 3 degree, or more, for convenience of wrthdraw, o « e s,,d 
L.hemolded pan. Thus, * — ^'""^I 

outward flare will be greater than draft considerations d.ctate. 

Now i, is desirable to improve upon the prior an technology, and to make chambers having 
SI dewa.,s which are lighter that, heretofore, and which have shoner .ength slots or other 
perforations. 



SUMMARY 

An object of the invention is to improve the consmaction and performance of molded 
L plastic leaching chambers, paniculariy Arose having sidewalls with a multtp tcty of 

nrnkrng chambers having inwardly flaring perforations, paniculariy slots. 

,„ accord with the invention, a leacbing chamber has a multiplicity of tnward flaring 
perforations in the chamber sidew* Preferably, the perforations are downward slop.ng 
horizontal slots with an included angle of flare of about 2 ,0 U degrees 

,„ fcnher accord with the invention, a leaching chamber has a multiplicity of inward flaring 



t han an extension of the basic 'axes .hereof intersects an upward extending fin running along 
the sidewall from a lengthwise running base flange of the chamber. 



core 



,„ accord with the invention, a leaching chamber is made by a mold whtch composes a 
par, and a mating cavity par, The core part has slides, with projections whtch define 
perforations in tire chamber sidewal! After plastic has been injected into ,he mo!d ,0 form 
,he par,, the slides move inwardly, preferably simultaneously upwardly, along the projecons 
of the basic axes of the perforations in the chamber sidewall. 

Preferably the mold has a core part comprised of opposing slides, movable of a floating plate, 
positioned between a core par, base plate and the mating cavity par,. A center wedge block 
is positioned between the slides during molding, ,o form the top of the chamber. After 
m „,ding the block moves down, away from the chamber top, to thereby provide space for 
the inward movement of the slides. The motion of the wedge block and the shdes ,s 
accomplished by the effects of shafts extending from the base plate, when the floatmg plate 
and the base plate move in a pre-determined way. 

Chambets made in accord with the invention are particularly Ugh, and strong. The 
perforation shape provides an unexpected advantage ovet „u,ward flarrng downward-slopmg 
slots of the same size, in providing superior resistance ,0 soil intrusion during use. Another 
advantage of the invention is tha, more slots may be placed on any given sidewall, when 
there is an upward running fin of other structure running along the base flange of the 
chamber. 

The foregoing and other objects, features and advantages of the invention will become more 
apparent from the following description of preferred embodiment and accompanytng 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . , is a vertical cross section through a portion of the sidewall of a molded leaching 
chamber, showing inwardly flared slot perforations. 



Fig. 2 shows a portion of a sidewall having constant cross section slots, to illustrate 
parameters which affect slot design and utility, 

Fig . 3 is a vertical cross section through a portion of the mold assembly which ,s used to 
form the sidewall shown in Fig. 1 . 



Fig. 4 shows how an 
outward flare slot. 



inward flared slot provides a higher Soil Threshold Angle than does an 



Fig , 5 is a verttcal cross section through the slotted stdewaU of a preferred chamber 

Fig. 6 shows a vertical cross section through a bottom port,on of chamber having a vertically 
extending fin on the flange 

Fig . 7 and 8 show how the core part of the mold, partly shown in Fig. 3, is constructed, with 
slides and a wedge that move in and out during the molding process. 

Fig. 9 is like Fig. 8, and shows an alternative core part of a mold. 



DESCRIPTION 

This app.ica.ion has relation to U.S. patent appUcation serial number (Arty No. 2229) of 
Brochu « ah, entitled -Comtgated Leaching Chamber" filed on even date herewnh. The 
application describes an improved corrugated leaching chantber having a continuous curve 
arch shape cross-section and a thin slot-perforateO sidewal,, where slots preferably are 
,„ward,y flared. This application also has relation to two U. S, 

« a. namely No. 09,849,768 filed May 4, 200, and No. 10/402,408, filed March 28, 2003. 
The Krueger applications describe, for a stormwater chamber, a corrugated arch cross sect.on 
S hape and base flange —on, which are usefit, in the present invenhon. The descnpnon 
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and drawings of the foregoing applications, particularly with respect to what they teach about 
the aforementioned features, are hereby incorporated by reference. 

A new leaching chamber is highly engineered and requires accurate and reproducible 
dimensions, when made by injection molding of thermoplastic, in particular, a polyolefin. A 
typical chamber is about 33 inch wkle at the base, 16 inch high, and about 48 inch long. The 
wall thickness is in the range 0.090 to 0. 125 inch. Chambers having other dimensions may 
be constructed using the present invention. The chamber described in the related Brochu 
application may have various different s.dewall perforations. Preferably, the perforations are 
tapered so that they flare inwardly, toward the interior of the arch shape chamber, as 
described herein. 

In the present invention, a chamber is preferably formed by gas assisted injection molding in 
a cooled metal mold. See Pat. No. 5,401,459 of Nichols and the references therein for 
information about gas assisted injection molding, a commercially known process. 
Alternatively, other conventional injection molding processes may be used The chamber 
may be made from commercial polypropylene or high density polyethylene, and variations or 
modifications thereof. An exemplary material is Fortune TG6801 Polypropylene from BP 
Amoco in Naperville, Illinois, US. 

Chambers in the poor art have perforations which flare outwardly; and, slot height is greater 
at the exterior surface of the sidewall compared to the interior surface. See perforation 30F 
in Fig 4 Slot width, the dimension of the opening which is parallel to the chamber length 
axis and to the plane of the chamber base, is typically several multiples of the slot height. 
The wall thickness of the sidewall 40 is around 0 .150 inch and may vary gradually with 
elevation Chambers with outward flaring holes may be molded using technology which ,s 
familiar. In particular, the slots are formed by slides which retract into the cavity part of the 
mold. Typically, slides are moved by either heavy duty hydraulic cylinder actuators at 
periphery of the cavity or a mechanical angled pin device. 

Fig. 1 shows a segment through a sidewall of a chamber, more fully described in the related 
Brochu et al. application, and the preferred inward flare slot configuration of the present 



invention It also illustrates some significant parameters of sidewall perforations. The top 
and bottom surfaces of slot 30 diverge with slot depth, moving from exterior sidewall surface 
to interior surface. (Depth may alternately be referred to as the through-sidewall length). Slot 
height h changes with slot 30 depth; the slot height h. at the extenor wall surface ,s the 
minimum slot height Thus, slot 30 is called an inwardly flared or inward flaring slot. The 
average height and width may vary from slot to slot within any chamber and amongst slots of 
different chambers as described in the related patent application. Generally, the slots are 
horizontal slots, that is the width is greater than the height. The foregoing invention 
principles may be applied to other shape perforations than slots, for instance, to square, round 
and generally oblong openings. 

in a preferred embodiment, wall thickness vanes with elevation. With reference to Fig. 1 and 
F,g 2 (discussed below), in a preferred configuration of chamber and sidewall, the centerhne 
axis L of typical slot 30 runs at angle SA of 12 degrees to the horizontal H. The top and 
bottom of the slots are sloped relative to axis L, at nominal 6 degree angles T. Thus, the 
included angle of between the slot top and bottom surfaces, i.e., the flare, is about 12 degrees. 
The slot height he, measured vertically, at the slot sidewall exterior, is about 0.070 ,nch. The 
height of the slot at the ins.de of the sidewall will range between about 0.105 to about 0.200 
inch reflective of the combination of flare and varying wall thickness. The edge to edge 
spacing of adjacent slots in the vertical direction is about 0.100 inch, such dimension varying 
somewhat with the slot elevation from the base. The basic axis L is the mean line of the slot. 
A slot having a tapered top and bottomthat is symmetrical about the basic axis L » preferred. 
Asymmetric slot tapers are within contemplation. While the flared top or bottom of the slot 
are preferably planar, curved or stepped top and bottom surfaces, for which the mean path 
comports essentially with the basic axes of the flared openings described herein, may be 



made. 



In practice of the invention, the included angle of flare may vary. It will be at least 2 
degrees, preferably between 2 and 16 degrees, most preferably 12 degrees. Likewise, the 
slope angle SA of the centerhne axis may vary, provided it will slope downwardly 
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Fig 3 is a fragment of a cross section showing a chamber sidewall 40 having inwardly flared 
slot 30 as the chamber sidewall is formed within the mold, between core part 212, 200 and 
cavity part 222. The mold is described further below. A plurality of tapered projecuons 80, 
one of which is shown, extend from a movable slide 212 of the core assembly 200, to define 
the slots They move as indicated by the arrow in the figure. At the time plastic is mjected 
they are advanced, so the projections protrude into the product cavity of the closed mold. At 
the point when the plastic has hardened and the mold can-be opened for part removal, the 
slide and associated projections retract into the core, moving along the basic ax,s L of the 
slot. 

Heretofore, outwardly flaring slots have been prevalent in leaching chambers. They are 
attractive from a certain sanitary engineermg and regulatory standpoint, since the useful 
leaching area of a chamber is calculated based on the dimension of perforation opemng a. the 
exterior surface of the chamber sidewall. From this standpotnt, the slots of the present 
invention may be considered somewhat disadvantageous. Frg. 2 shows essentially unflared 
slots to illustrate certain slot and soil parameters, and helps understand one unexpected 
benefit of the invenfion. Soil 36 lying against the exterior of a chamber wall 40 will tend to 
enter into the perforation opening 30 under the influence of gravity and the soil environment, 
such that the innermost end of the soil lies a. an angle RA, also called Angle of Repose. 
Angle of Repose RA is a property of the soil material in the environment of a chamber ,n 
use. To measure the common angle of repose of a granular material, the material ,s poured 
onto a horizontal surface and observed, according to a protocol. 

Angle ST A (Soil Threshold Angle) is the angle of the line which r,ns from the upper edge of 
ft. perforatum at the outside of .he chamber wall, to the lower edge of the perforauon a, the 
inside of the chamber wall It is a property of the chamber. It will be appreciated from Frg 
,ha. soil will no, enter the chamber through slots if angle STA is less than angle RA Thus 
an angle STA .ha. is abou. equal .0 angle RA is called .he critical STA angle, STA, For .he 
preferred chambers of the invention, slotted perforations have angle STA which is equal or 
less than STA, From another sanitary engineering and regulatory viewpomt, .he useful 
leaching area of a chamber is based on the soil which is exposed in .he slot, namely .ha. lytng 
along .he slope of .he angle RA or angle STA as may be .he case for a chamber. I. follows 



tha , Angle STA is a function of bas,c s.o« slope angle SA, of slot depth, and of slot he,gh, h. 
at the slot exterior surface. 

,„ward flared perforations provide an unexpected advantage, when applted to charters 
h aving inward sloping sidewalls. This is illustrated b, F,g. 4, where a portror , of sloped 
constant thicks s.dewal, 40 has two .dentica, snral. end height slots, ho.h havmg a 1 
lee slope ro the horizontal and a 12 degree included angle flare, like .hose descnbed 
I! o, 30T is outward flaring and slo, 30G is inward flaring. STA for slot 30P ,s about 
Zr es while STA for slo, 30G is about ,6 degrees, showing how outward flare slots 

1 providing an important reduced matena, cos, advantage, when ,he STA factor ,h 
I i g paralrer, ,f chamber s.dewalls are perpendicular ,o ,he honaontal. .here would 

Fig , 5 shows in cross secion a port.on of the sidewal, of preferred design chamber The 
chamber wall thickness , varies from abou, 0,50 inch a, ,heb„,,om slot to abou 0,75 

s,o,s ,o abou, 0.090 for ,he .opmos, slots, so tha, the desrgn enter. STA. of ^g rees 
me , by all ,he slots, Theorcical STA for the highest slo, is about ,6 degrees, ,n .he absence 
If rounding of the edges of .he slot top and bottom, a, the interior and ex.er.or. When such 
i r^ovidea 1 an about 0.020 radius the effective depth to .he slo, is shortened and 
i T Tf r .he ,o P slot becomes about 26 degrees. Liaise, the wal, rhickness a, the 

edge rounding. 

Using the invention described to this point enables thinner chamber sidewalls, which of 

fins 27 which run lengthwise along opposing sides of the base flange 26 chamber Mo 
Igthening the honaontally inning base flange. Fins 27 are spaced apart a small d,,.c 
Z he boL of sidewall 40. The chamber sidewall, fonmed in a mold havmg perforauon 



defining slides which pull inwardly, both cooperates with and enables the use of 
strengthening fin 27 as previously described in -the related Krueger et al. applications. From 
Fig. 6, it will be apparent that, flange 27 could not be formed at the same time as slot group 
99, when using the prior art outside slide pull technology. The slide presence and motion 
would prevent having fin 27 extend higher than elevation E of the lowest slot (or its 
projection to vicinity of the fin). In the generality of this aspect of the invention, the slots 
may have essentially no flaring. 

As described above, preferably the basic angle SA of axis L of a slot or other perforation runs 
downwardly as runs from the interior to exterior, most preferably at an angle of 12 degrees 
from horizontal. The inside pull technique is particularly useful to achieve that, when there 
is a fin 27, or even when the base flange 26 extends laterally outwardly a large distance. 
Other angles SA may be used in the invention. Angle SA as shown, will be such that the 
downward slope of axis L is greater than zero. Preferably angle SA will be between 6 and 14 
degrees. 

It is a problem to make a core which forms inwardly flaring perforations in the chamber 
sidewall. Slides that retract inwardly have an incompatibility with the need to form the top 
interior of the chamber cross section. In the invention, the problem has been solved by a 
multipart core, including two slides 212 which advance and retract relative to the sidewall, 
and by a core part that retracts in a two-step process. The core motion is accomplished by 
mechanisms actuated by opening and closing of the mold in the injection molding machine. 

The mold is comprised of a core part 200, which is an assembly, and a cavity part 222. In 
cross section, Fig. 6 shows the mold closed and Fig. 7 shows the mold opened. (For 
convenience of description, the mold is shown rotated to a horizontal position, so opening 
and closing is in the vertical direction. In use, the mold will be mounted in the machine so 
mold opening and closing is in the horizontal direction.) 

The mold core part consists of five main components: base plate 204, which is fixed to one 
molding machine platen 202, floating plate 206, wedge center block 208, and identical left 
slide 212L and right slide 212R. Only the left half of the mold is shown in the Figures. Thus, 



slide 2 1 2R is not seen, but it will be understood it is configured like slide 2 1 2L. When the 
mold is closed by relative motion of cavity and core parts along the z axis in the Figure, the 
space 220 between the cavity mold 222 (which is attached to opposing platen 224 of a 
molding machine) defines the chamber arch shape cross section, when plastic is injected into 
the space Space 226 forms the bottom of flange 26 of a chamber. It extends horizontally in 
the y-direction, and may be used as a reference for base plane elevation. Special steps, such 
as supplemental latches, may be used to prevent slight mold separation during injection 
molding. 

After the chamber is formed by plastic injection, the portions of the core part assembly which 
define the sidewall with slots, namely, slides 212L, 212R, move generally inward in the y 
direction, relative to the chamber sidewalls and to each other. They move toward wedge 208. 
The slide motion, indicated by arrow LL, runs at angle SA relative to the reference plane of 
the bottom flange and to the y axis, for example 12 degrees. Direction LL is preferably 
parallel to the basic axis L of the projections 80 of the slide which form slots 30. See Fig. 16. 

The desired slide motion is achieved by moving base plate 204 away from floating plate 206, 
thus creating space 230. During that step, floating plate 206 is kept in contact with cavity 
part 222, as by a latch. Wedge 208 is mounted on first shaft 210, which is fixed to base plate 
204, passing through a clearance hole in plate 206. Thus, when space 230 is being created 
by mold part motion, wedge 208 moves vertically down toward floating plate 206, and away 
from the top interior of the molded chamber. Space 232, between the wedge and the slide, is 
thus created. The space enables simultaneous motion of slide 212L on an incline, up and to 
the right, sufficient to withdraw the projections 80 of the slide from the left sidewall of a just- 
formed chamber. 

The motion of slides 212 is accomplished in the following manner. Slide 212L is bolted to 
guide sleeve 218. Sleeve 218 is slidably mounted on third shaft 228, which has an incline of 
LL. Inclined second shaft 214, which is fixed in base plate 204, extends upwardly through a 
clearance hole in plate 206, to engage a fitted bore in sleeve 218. Thus, when base plate 204 
moves downwardly relative to floating plate 205, as a result of separation of the two machine 
platens 202, 224, space 230 is created. And the interaction of inclined second shaft 214 with 
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sleeve 218 makes the sleeve move to the right. Since sleeve 218 is mounted on inclined third 
shaft 228, the sleeve also moves upwardly, that is, in direction LL. Slide 212L moves 
likewise, since it is fixedly attached to the sleeve 218. Slide 212L moves into a portion of the 
space 230, simultaneously being vacated by wedge 208. The motion of slide 212L can be 
varied by changing the inclination of shaft 214. In the generality of the invention, sleeve 218 
can be an integral part of slide 212L. 

When the motion of floating plate 206 relative to the base 204 is sufficient to retract the 
projections of slides 212L and 212R from the slots of the just-formed plastic chamber 
sidewall, the latching of mold parts 206 and 222 is released. Further motion of the platens 
moves the floating plate away from the cavity part, to thus expose the molded chamber and 
enable its removal from the mold. 

The two phase motion, wherein the base plate first moves relative to the floating plate, 
followed by movement of the floating plate away from contact with the cavity part of the 
mold, can be accomplished by other means which are equivalent functionally to those 
described. For example, various hydraulic and mechanical actuators and latches are within 
the ordinary skill, and thus need not be described. 

There are a multiplicity of the foregoing shafts and guide sleeves, along the length of the 
mold, so that the slides move evenly. Each slide may be made of separate abutted lengthwise 
pieces. The ends of the chamber may be formed by appropriate cavity and core part end 
pieces, or by separate mold elements. Ejector pins, other mechanisms and controls, within 
the ordinary skill of mold construction and injection molding, sufficient to achieve the 
foregoing functioning and motions will be understood to be present. 

Part of the reason wedge 208 has tapered sides which mate the slides is so that the gap 232 is 
created when the wedge 208 moves downwardly relative to the slides. In the generality of 
the invention, wedge 208 can be replaced by a center block having sides which are straight or 
otherwise shaped. For example, in Fig. 8 block 208A has straight sides and the abutting 
portion of slide 212LA has an undercut. Thus, slide 212LA may move into the space 
previously occupied by the center block, when the center block retracts. 
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While it is preferable to have the direction LL of slide motion correspond closely with the 
inclination angle SA of the basic axes of the perforations, it will be understood that the 
inward flare permits some deviation therefrom. And, in the special case, where those basic 
axis of the chamber perforations are essentially horizontal, the withdrawal motion of the 
slides may be in the horizontal or y direction, without any simultaneous upward motion. 

Notwithstanding the advantage which has been described for inward flaring slots, it is 
technically feasible to make slide-defined slots with no flare or with insignificant flare. For 
instance, a flare having an about 2 degree included angle, would be considered essentially 
straight, in terms of the present invention. The mold and method which have are described 
here can be used to make chambers having such essentially straight slots. 

While the chamber configuration invention is described in terms of making the slots during 
the injection molding process with use of slides, in the generality of the invention, a chamber 
having the inwardly flared perforations may be made by other means, although they may be 
more costly. For instance, slots may be punched, machined, laser cut, etc. 

Although this invention has been shown and described with respect to one or more preferred 
embodiments, and by examples, those should not be considered as limiting the claims, since 
it will be understood by those skilled in the art that various changes in form and detail thereof 
may be made, and that equivalents thereof may be made, without departing from the spirit 
and scope of the claimed invention. 
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